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PATENT 
0760-0304P 

IN THE U.S. PATENT AND TRADEMARK OFFICE 

Applicant: HIEI, Yukoh et al . 

Int'l. Appl. No.: PCT/JP00/05213 

Appl . No . : New Group : 

Filed: April 3, 2002 Examiner: 

For: METHOD FOR PROMOTING EFFICIENCY OF 

GENE INTRODUCTION INTO PLANT CELLS 

PPRTJMTNA PY AMENDMENT 

BOX PATENT APPLICATION 

Assistant Commissioner for Patents April 3, 2002 

Washington, DC 20231 

Sir: 

The following Preliminary Amendments and Remarks are 
respectfully submitted in connection with the above -identified 
application. 

AMENDMENTS 

TN THE S PECIFICATION: 

Please amend the specification as follows: 

Before - line 1, insert --This application is the national 
phase under 35 U.S. C. § 371 of PCT International Application No. 
PCT/JP00/05213 which has an International filing date of August 
3, 2000, which designated the United States of America.-- 
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TTJ THK CLAIMS: 

Please amend the claims as follows: 

6. (Amended) The method according to claim 1 or' 2,' wherein 
said, centrif ugation is carried out for 1 second to 4 hours>. 

8. (Amended) A method for preparing a plant characterized by 
using the method according to claim 1 or 2 . 

9. (Amended) Plant cells, plant tissue or plant prepared by 
the method according to claim 1 or 2 . 

10. (Amended) The method according to claim 1 or 2 , wherein 
said plant cells or plant tissue used are (is) originated from an 
angiosperm. 

12. (Amended) Angiosperm cells, angiosperm tissue or 
angiosperm prepared by the method according to claim 10. 

15. (Amended) The monocotyledon cells, monocotyledon tissue 
or monocotyledon prepared by the method according to claim 13 . 

18. (Amended) The- cells of the plant belonging to family 
Gramineae, the tissue of the plant belonging to family Gramineae 
prepared by the method according to claim 16. 
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21. (Amended) Rice cells, rice tissue, rice, maize cells, 
maize tissue or maize prepared by the method according to claim 
19 . 



3 



Docket No. 0760-0304P 



REMARKS 

The specification has been amended to provide a cross- 
reference to the previously filed International Application. 

The amendment to the claims is merely to correct improper 
multiple dependencies and to ' place the application into better 
form for examination. Entry of the above amendments is earnestly 
solicited. An early and favorable first action on the merits is 
earnestly solicited. 

' Attached hereto is a marked-up version of the changes made 
to the application by this Amendment. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-244 8 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 

Respectfully submitted, 

BIRCH, STEWART, KOLAS CH & BIRCH, LLP 
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^KRSXQN WTTtr MARKINGS TO .Q^nw fHANriKff MADE 

The claims have been amended as follows: 

6. (Amended) The method according to [any one of claims 1 to 
5] clajLm 1 or 2 . wherein said centrif ugation is carried out for 1 
second to 4 hours . 

8. (Amended) A method for preparing a plant characterized by 
using the method according to [claim 1 to 7] el a im 1 or 2 . 

9. (Amended) Plant cells, plant tissue or plant prepared by 
the method according to [claim 1 to 8] cla i m 1 or 2 . 

10. (Amended) The method according to [any one of claims 1 
to 7] r^Hm 1 or 2 . wherein said plant cells or plant tissue used 
are (is) originated from an angiosperm. 

12. (Amended) Angiosperm cells, angiosperm tissue or 
angiosperm prepared by the method according to claim 10 [ or 11] . 

15. (Amended) The monocotyledon cells, monocotyledon tissue 
or monocotyledon prepared by the method according to claim 13 [ or 
14] . . 
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18. (Amended) The cells of the plant belonging to family 
Gramineae, the tissue of the plant belonging to family Gramineae 
prepared by the method according to claim 16 [ or 17] . 

21. (Amended) Rice cells, rice tissue, rice, maize cells, 
maize tissue or maize prepared by the method according to claim 
19 [ or 20] . 

(Rev. 11/13/01) 
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SPECIFICATION 
Method for P x^motioR Efficiency of Gene Introduction into Plant Cells 

Technical Field 

The present invention relates to a method for promoting efficiency of gene 
introduction into plant cells. 



The method for transformation using Agrobacterium has a number of 
excellent features including, in general, the high efficiency, the small number of 
copies of the introduced gene, the feature that the gene may be introduced without 
fragmenting a specific region called T-DNA, and the feature that the frequency of 
mutation occurred during cultivation is low because transformants may be obtained 
by cultivation for a short period of time. Therefore, the method is widely used as 
the most useful method for transforming various plants. 

Although the Agrobacterium method is an extremely excellent method for 
transforming plants, whether the transformation is successful or not and the 
transformation efficiency largely varies depending on the plant species, genotype and 
the plant tissue used (Potrykus et al. 1998 (Reference (33))). That is, there are 
species with which the transformation has not been successful, and species with 
which the transformation may be attained only with limited varieties. Further, there 
are species with which the tissue to be used is limited so that a large amount of 
materials cannot be treated. To prepare a practical variety by genetic recombination, 
it is necessary to prepare a large number of transformed plants and to select the line 
having the desired character therefrom. However, at present, the type of plants with 
which a large number of transformed plants may be prepared for this purpose is 
limited. Thus, to develop an improved method by which this problem may be 
overcome is strongly demanded. 

Although the method for transformation via Agrobacterium differs in the 
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starting material, composition of the culture medium and the like, it is almost 
common to the Agrobacterium method that the method comprises making a tissue 
which is a starting material contact a suspension of Agrobacterium, selecting 
transformed cells after co-culturing, and growing transformed plants. The 
5 Agrobacterium is infected without performing a special treatment except for 

sterilization treatment which is carried out as required (Rogers et al. 1988 (Reference 
(34)), Visser 1991 (Reference (38)), McCormick 1991 (Reference (29)), Lindsey et al. 
1 991 (Reference (28))). Thus, studies for improving transformation system has 
been carried out mainly on the Agrobacterium strain, constitution of the vector, 
0 composition of medium, types of selection marker gene and promoter, the type of the 
tissue used as the material, and the like. 

On the other hand, studies for changing the plant tissue before infection of 
Agrobacterium to a physiological state in which the genes are likely to be introduced 
have been scarcely made. If the physiological state of the tissue can be changed to 
5 such a physiological state by a simple treatment, the method is very useful, and it is 
expected that, in addition to the promotion of the transformation efficiency, 
transformation may be attained for the species or genotypes with which 
transformation has been hitherto difficult, that is a prominent effect Known studies 
about pretreatment of plant tissue include particle gun treatment (Bidney et al., 1992 
> 0 (Reference (5))) and ultrasonication treatment (Trick et al., 1 997 (Reference (37))). 

Both of these methods aim at promoting invasion of bacteria into the plant tissue by 
physically injuring the tissue, so as to increase the number of plant cells infected. 
However, these methods are nothing more than developments of the leaf disk method 
(Horsch et al., 1985 (Reference (17))) and not treatments based on novel concepts. 
1 5 The degree of effectiveness and universality of the methods have not been clarified, 
and they are not used as general methods. 

Disclagms of the Invention 



Accordingly, an object of the present invention is to provide a method for 
promoting efficiency of gene introduction into plant cells, by which gene 
introduction can be attained simply with a higher efficiency than the conventional 
gene introduction by Agrobacterium method, without injuring the tissue. 

The present inventors intensively studied to discover that in the gene 
introduction method using Agrobacterium, the gene introduction efficiency may be 
significantly promoted by centrifuging the plant cells or plant tissue subjected to the 
gene introduction, thereby completing the present invention. 

That is, the present invention provides a method for promoting efficiency of 
gene introduction into plant cells by a bacterium belonging to genus Agrobacterium, 
comprising centrifuging said plant cells or plant tissue. 

By the present invention, a method for promoting efficiency of gene 
introduction into plant cells, by which gene introduction can be attained simply with 
a higher efficiency than the conventional gene introduction by Agrobacterium 
method, without injuring the tissue, has been provided. The method of the present 
invention may be applied to both monocotyledons and dicotyledons. 

Brief Description of the Dr aw ings 

Fig. 1 is a drawing for showing a method for constructing pTOK233 which is 
an example of super-binary vectors, that may preferably be employed in the present 
invention. 

Fig. 2 is a gene map of pSB133 which is an example of super-binary vectors, 
that may preferably be employed in the present invention. 

Fig. 3 is a schematic view for showing the intermediate vector system and 
binary vector system which are major two vector systems of bacteria belonging to 
genus Agrobacterium. 

Fig. 4 is a schematic view showing two binary vector systems derived from 
super virulent strain A281 of Agrobacterium tumefaciens. 



In the above drawings, the following reference symbols denote the following 
meanings. 

virB: the vrrB gene in the virulence region of Ti plasmid pTiBo542 
contained in Agrobacterium twnefaciens A281 

virC: the virC gene in the virulence region of Ti plasmid pTiBo542 
contained in Agrobacterium tumefaciens A281 

virG: the virG gene in the virulence region of_Ti plasmid pTiBo542 
contained in Agrobacterium tumefaciens A281 

BL: left border sequence of T-DNA of bacteria belonging to genus 
Agrobacterium 

BR: right border sequence of T-DNA of bacteria belonging to genus 
Agrobacterium 

TC: tetracycline resistant gene 
SP: spectinomycin resistant gene 
IG: intron GUS gene 
HPT: hygromycin resistant gene 
K: restriction enzyme Kpn I site 
H: restriction enzyme Hind IE site 
Ampr: ampicillin resistant gene 
BAR: bar gene 

Pnos: promoter of nopaline synthetase gene 
Tnos: terminator of nopaline synthetase gene 
P35S: CaMV 35S promoter 
COS, cos: COS site of X phage 
ORI, ori: replication origin of ColEl 
NPT, NPTII kanamycin resistant gene 

Vir: entire vir region of Ti plasmid of bacteria belonging to genus 
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Agrobacterium 

S Vir: entire v/r region of Ti plasmid pTiBo542 of super virulent bacteria 
belonging to genus Agrobacterium 

s vir* : fragment containing a part of vir region of Ti plasmid pTiBo542 

5 Best Mode f or Carrying out the Invention 

The method of the present invention for promoting efficiency of gene 
introduction into plant cells by a bacterium belonging to genus Agrobacterium, 
comprises centrifuging the plant cells or plant tissue. The plant cells or plant tissue 
may be contacted with the bacterium belonging to genus Agrobacterium under 

0 normal gravity after centrifuging the plant cells or tissue, or the plant cells or tissue 
may be contacted with the bacterium belonging to genus Agrobacterium while 
centrifuging the plant cells or tissue. Preferably, the plant cells or plant tissue 
are(is) contacted with the bacterium belonging to genus Agrobacterium under normal 
gravity after centrifuging the plant cells or tissue. 

5 The conditions for centrifugation may appropriately be selected depending on 

the type of the plant used and the like, and may usually be carried out under a 
centrifugation acceleration of 100G to 250,000G, preferably 500G to 200,000G, 
more preferably 1000G to 150,OO0G. The time for centrifugation may appropriately 
be selected depending on the centrifugal acceleration, type of the plant used and so 

0 on, and is usually and preferably not less than one second. There is no upper limit 
of the centrifugation time, and about 10 minutes may usually be sufficient for 
attaining the object of the centrifugation. When the centrifugal acceleration is large, 
the efficiency of introducing genes may be significantly promoted even if the 
centrifugation time is very short, for example, 1 second or less. On the other hand, 

5 when the centrifugal acceleration is small, the efficiency of introducing genes may be 
significantly promoted by conducting the centrifugation for a long time. In most 
cases, especially preferred centrifugation conditions are about 500G to 200,OOOG, 



especially 1000G to 150,000G for about 1 second to 2 hours, and the appropriate 
centrifugation conditions for the particular plant cells or tissue may be easily selected 
by a routine experiment. 

The method of the present invention is characterized by using the plant cells 
or plant tissue which were(was) centrifuged, or by contacting the plant cells or plant 
tissue with a bacterium belonging to the genus Agrobacterium while conducting 
) centrifugation, and as the method for gene introduction or transformation per se 
using the bacterium belonging to the genus Agrobacterium, a well-known method 
may be applied as it is. 

The method for gene introduction or transformation per se into plants using a 
bacterium belonging to the genus Agrobacterium is well-known in the art and is 
widely used. 

It is known for a long time that a soil bacterium Agrobacterium 
{Agrobacterium tumefaciens) causes crown gall disease in a number of dicotyledons. 
In 1970s, it was discovered that Ti plasmid concerns the virulence, and that the T- 
DNA which is a part of Ti plasmid is incorporated into the plant genome. 
Thereafter, it was proved that the T-DNA contains genes participating in synthesis of 
hormones (cytokinins and auxins) required for induction of tumor, and that the genes 
are expressed in plants in spite of the fact that the genes are bacterial genes. A 
group of genes existing in the virulence region (vir region) in the Ti plasmid is 
required for the excision of T-DNA and its transfer to plants, and the border 
sequences existing at the both ends of the T-DNA are necessary for the T-DNA to be 
excised. Agrobacterium rhizogenes which is another bacterium belonging to the 
genus Agrobacterium has a similar system on the Ri plasmid (Figs. 3 and 4). 

Since T-DNA is incorporated into the plant genome by infection of 
Agrobacterium, it was expected that a desired gene may be incorporated into the 
plant genome by inserting the desired gene in the T-DNA. However, since Ti 
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plasmid is as large as not less than 190 kb, it was difficult to insert a gene into the T- 
DNA by a standard technique of genetic engineering. Thus, a method for 
introducing a foreign gene into the T-DNA was developed. 

First, disarmed strains such as LBA4404 (Hoekema et al., 1983 (Reference 

5 (12))), C58Cl(pGV3850) (Zambryski et al., 1983 (Reference (40))), and GV3TillSE 
(Fraley et al., 1985 (Reference (9))), that have tumorigenic Ti plasmids from which 
hormone synthetase genes were eliminated, were prepared (Fig. 3). Two methods 
employing such a strain, that is, a method by which a desired gene is introduced into 
the Ti plasmid of Agrobacterium, and a method by which a T-DNA having a desired 

L 0 gene is introduced into Agrobacterium, were developed. One of these methods is 
the so called intermediate vector method (Fraley et al., 1985 (Reference (9)); Fraley 
et al., 1983 (Reference (10)); Zambryski et al., 1983 (Reference (40)), Japanese Laid- 
open Patent Application (Kokai) No. 59-140885 (EP116718)). In this method, an 
intermediate vector which is easy to handle by genetic manipulation techniques, in 

L 5 which a desired gene may be inserted, and which can be replicated in E. coli is 

introduced "into the T-DNA in the disarmed type Ti plasmid of Agrobacierium by 
triparental mating (Ditta et al., 1980 (Reference (8))). Another method is the so 
called binary vector method (Fig. 3), which is based on the fact that although the vir 
region is necessary for the T-DNA to be incorporated into plants, it is not necessary 

1 0 that the T-DNA and the vir region exist in the same plasmid ((Hoekema et al., 1 983). 
The vir region contains vir A, v/rB, virC, v/>D, virE and virG (Plant Biotechnology 
Encyclopedia (Enterprise Co., Ltd. (1989)), and the vir region is defined as those 
containing all of vir A, v/>B, virC, v/rD, virE and v/>G. Thus, the binary vector is a 
small plasmid which is repiicabie in both Agrobacterium and E. coli, and this 

> 5 plasmid is introduced into Agrobacterium having a disarmed type Ti plasmid. The 
introduction of the binary vector into Agrobacterium may be carried out by 
electroporation method, triparental mating or the like). Binary vector includes 
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pBIN19 (Bevan, 1984 (Reference (4))), pBI12 } (Jefferson, 1987 (Reference 

( 1 9) )), pGA482 (An et aL, 1 988 (Reference (2)), Japanese Laid-open Patent 
Application (Kokai) No. 60-70080 (EP1205 1 6)), and a number of new binary 
vectors have been constructed based on these vectors. In the system of Ri plasmid, 
similar vectors have been constructed and are used for transformation. 

Agrobacterium A281 (Watson et aL, 1975 (Reference (39))) is a super- 
virulent strain, whose host spectrum is wide and whose efficiency of transformation 
is higher than other strains (Hood et aL, 1987(Reference (13)); Komari, 1989 
(Reference (2 1 ))), This feature is brought about by a Ti plasmid pTiBo542 
contained in A281 (Hood et aL, 1984 (Reference (16)); Jin et aL, 1987 (Reference 

(20) ); Komari et al., 1986 (Reference (24))). 

Two new systems using pTiBo542 has been developed. One system utilizes 
strains EHA101 (Hood et al., 1986) and EHA105 (Hood et aL, 1993) containing a Ti 
plasmid which is a disarmed type of pTiBo542. By applying these strains to the 
above-mentioned binary vector system, a system having a high efficiency of 
transformation was achieved, which is widely used for transformation of various 
plants. Another system is "super-binary" vector system (Hiei et al., 1994 (Reference 
(11)); Ishida et aL, 1996 (Reference (18)); Komari et aL, 1999 (Reference (26)), 
WO94/00977, WO95/06722) (Fig. 4). Since this system comprises a disarmed type 
Ti plasmid having the vir region (vir A, v/rB, virC, v/rD, virE and vzVG) (each of 
these may also be hereinafter referred to as "vir fragment region") and a plasmid 
having T-DNA, this is a kind of the binary vector system. However, it is different 
from the binary vector in that a super-binary vector (Komari, 1990a (Reference (22))) 
in which a vir region fragment (preferably a fragment containing at least virB or virG, 
more preferably a fragment at least containing virB and virG) substantially lacking at 
least one of the fragments of vir region is incorporated into the plasmid having the T- 
DNA, i.e., the binary vector. To introduce a T-DNA region into which a desired 



gene has been inserted into an Agrobacterium having the super-binary vector, 
homologous recombination via the triparental mating method may be employed as an 
easy method (Komari et aL, 1996 (Reference (25))). It has been proved that the 
super-binary vector gives much higher transformation efficiency than the above- 
described various vector systems for a number of plant species (Hiei et aL, 1994 
(Reference (1 1)); Ishida et aL, 1996 (Reference (18)); Komari, 1990b (Reference 
(23)); Li et aL, 1996 (Reference (27)); Saito et aL, 1992 (Reference (35))). 

In the method of the present invention, the host bacterium belonging to the 
genus Agrobacterium is not restricted, and Agrobacterium tumefaciens (e.g., the 
above-described Agrobacterium tumefaciens LBA4404 (Hoekema et aL, 1983 
(Reference (12))) and EHA101 (Hood et aL, 1986 (Reference (15))) may preferably 
be employed. 

The method of the present invention may be applied to any of the gene 
introduction systems as long as it is based on the expression of the group of genes in 
the vir region in the bacterium belonging to the genus Agrobacterium so as to obtain 
significant effect. Thus, the method of the present invention may be applied to any 
of the vector systems such as the above-described intermediate vectors, binary 
vectors, super-virulent binary vectors and super-binary vectors so as to obtain the 
advantageous effect of the present invention. The method of the present invention 
may also be applied to the vector systems obtained by modification of these vectors 
(e.g., those wherein the entire or a part of the vir region of a bacterium belonging to 
the genus Agrobacterium is excised and additionally incorporated into the plasmid, 
or the entire or a part of the vir region of a bacterium belonging to the genus 
Agrobacterium is excised and is introduced into Agrobacterium as a part of a new 
plasmid). Further, needless to say, by the method of the present invention, the 
efficiency of introduction of the T-DNA region of wild type Agrobacterium is 
promoted so as to promote the infection efficiency. 
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The desired gene to be introduced into the plant may be inserted into a 
restriction site in the T-DNA region of the above-described plasmid by a 
conventional method, and the Agrobacterium into which the desired gene was 
incorporated may be selected based on an appropriate selection marker such as a drug 
5 resistant gene against a drug such as kanamycin or paromomycin. In cases where 
the plasmid is large and has a number of restriction sites, it is not always easy to 
insert the desired DNA into the T-DNA region by an ordinary subcloning method. 
In such a case, the desired DNA may be inserted by the uniparental mating method 
utilizing the homologous recombination in the cell of the bacterium belonging to the 
. 0 genus Agrobacterium, 

Introduction of the plasmid into a bacterium belonging to the genus 
Agrobacterium such as Agrobacterium tumefaciens may be carried out by a known 
method including the above-mentioned triparental mating method, electroporation 
method, electroinjection method and chemical treatments with PEG or the like. 
15 The gene which is to be introduced into the plant is, in principle, arranged 

between the left and right border sequences of the T-DNA as in the conventional 
method. However, since the plasmid is annular, the plasmid may contain only one 
border sequence. Alternatively, in cases where a plurality of genes are to be 
arranged at different sites, the plasmid may contain three or more border sequences. 

> 0 Alternatively, arrangement of the desired plasmid in the Ti or Ri plasmid may be 

performed in the cell of the bacterium belonging to the genus Agrobacterium, or the 
desired gene may be arranged in another plasmid. Further, the desired gene may be 
arranged in a plurality of types of plasmids. 

Introduction of a gene into the plant cells via a bacterium belonging to the 

> 5 genus Agrobacterium may be attained by simply making the plant cells or plant tissue 

contact the bacterium belonging to the genus Agrobacterium. For example, a cell 
suspension of the bacterium belonging to the genus Agrobacterium having a 
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population density of about 10 6 to 10 H cells/ml is prepared, and the plant cells or the 
plant tissue are(is) immersed in the suspension for about 3 to 10 minutes, followed by 
co-culturing the resultant on a solid medium for several days, thereby attaining the 
introduction of the gene. 

The cells or the tissue to be subjected to the gene introduction are(is) not 
restricted at all and may be a leaf, root, stem, fruit or any other portion of the plant. 
Further, dedifferentiated tissue such as a callus or a non-dedifferentiated tissue such 
as an embryo may be employed. The type of the plant is not restricted at all, and 
angiosperms are preferred. As long as the plant is an angiosperm, either 
dicotyledon or monocotyledon is preferred. 

As will be concretely shown in the following Examples, by the method of the 
present invention, the efficiency of gene introduction is significantly promoted when 
compared with the conventional Agrobacterium method. 
Examples 

The present invention will now be described by way of examples thereof. It 
should be noted that the present invention is not restricted to the following Examples. 
Example 1 

( 1 ) Agrobacterium Strains and Plasmids 

As the Agrobacterium and its vectors, LBA4404(pBI121) (pBI121 is 
commercially available from CLONETECH, U.S., (Jefferson RA 1987 (Reference 
(19))).LBA4404(pIG121Hm) (Hiei, Y. et al., 1994 (Reference (11)), 
LBA4404(pTOK233) (Hiei et al., 1994 (Reference (1 1))) and LBA4404(pSB133) 
(Fig. 2) were used. 

Construction of pSB133 was carried out as follows: A DNA fragment 
having a size of 6.2 kb obtained by digesting pGA482 (An G et al., 1985 (Reference 
(3))) with a restriction en2yme Sal I was ligated to a DNA fragment with a size of 5. 1 
kbp obtained by digesting pSBl 1 (Komari et al., 1996 (Reference (25)) with Sal I to 
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prepare a plasmid. This plasmid was then digested with restriction enzymes Eco RI 
and Bgl II to obtain a DNA fragment with a size of 8.6 kb. This DNA fragment was 
blunted and a Bgl n linker (commercially available from TaKaRa) was inserted 
therein to obtain a plasmid pSB27, The pSB27 was digested with a restriction 
enzyme Hind III, and a DNA fragment with a size of 3.1 kb containing 35S promoter 
and an intron-GUS gene, which fragment was obtained by digesting pIG221 (Ohta S 
et al., 1990 (Reference (32)), was inserted therein to obtain pSB33. The pSB33 was 
introduced into E. coli LE392, and then introduced into Agrobacterium LBA4404 
containing pSBl (Komari et al., 1996 (Reference (25))) by triparental mating method 
(Ditta G et al., 1 980 (Reference (8)). The pSB 1 33 was obtained by homologous 
recombination between pSBl and pSB33 in the cell of Agrobacterium. The T-DNA 
region of pBI121 contains a kanamycin-resistant gene (nptll) controlled by the 
promoter of nopaline synthetase gene (nos) and a GUS gene controlled by 35 S 
promoter of cauliflower mosaic virus (CaMV). Each of the T-DNA regions of 
pIG121Hm and pTOK233 contains an nptll gene controlled by nos promoter, an hpt 
gene controlled by 35S promoter, and a GUS gene controlled by the 35 S promoter, 
which GUS gene contains introns of the catalase gene of castor bean. The T-DNA 
region of pSB133 contains an nptll gene controlled by nos promoter and a GUS gene 
controlled by 35 S promoter of CaMV, which GUS gene contains introns of the 
catalase gene of castor bean (Fig. 2). The plasmids pSBl 33 and pTOK233 are 
super-binary vectors having high abilities of transformation (Komari, T. et aL, 1999 
(Reference (26))). 

(2) Sample Varieties and Tissues 

As the sample varieties, Koshihikari and Tsukinohikari, which are Japonica 
rice varieties, were used. Glumes of immature seeds at 8 to 14 days after flowering 
were removed and the seeds were sterilized with 70% ethanol for several seconds and 
with 1% aqueous sodium hypochlorite solution containing Tween 20 for 15 minutes. 
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After washing the seeds several times with sterilized water, immature embryos with 
lengths of 1 .5 to 2 mm were excised and used as the sample tissue. 

(3) Centrifugation Treatment 

The immature embryos of rice were placed in tubes containing sterilized 
water and centrifuged under an acceleration of 760G to 150,000G using a micro 
high-speed centrifuge, large high-speed centrifuge or an ultra high-speed centrifuge. 
After the centrifugation, the immature embryos were infected with Agrobacterium. 

(4) Infection and Co-culturing 

The method for infection to the immature embryos and the method for co- 
culturing were in accordance with the methods by Hiei et al. (1994) (Reference (11)). 
That is, after the centrifugation, the sterilized water in each tube was removed and 
suspension of Agrobacterium was added, followed by stirring the mixture with a 
vortex mixer for 5 to 30 seconds. 

The suspensions of bacteria were prepared by collecting colonies of 

Agrobacterium cultured on AB medium (Chilton, M-D et al., 1974 (Reference (6))) 

with a platinum loop and suspending the collected bacteria in modified AA medium 

(AA major inorganic salts, AA amino acids and AA vitamins (Toriyama K. et al., 

1985 (Reference (36)), MS minor salts (Murashige, T et al., 1962 (Reference (30)), 

1.0 g/1 casamino acid, 100 uM acetosyringone, 0.2 M sucrose, 0.2 M glucose). 

After leaving the mixture of immature embryos and the suspension of Agrobacterium 

to stand at room temperature for about 5 minutes, the immature embryos were plated 

on a medium for co-culturing. As the medium for co-culturing, 2N6-AS medium 

(Hiei et al 1994 (Reference (1 1))) was used except that the inorganic salts thereof 

were changed to the composition of R2 medium (Ohira et al. 1973 (Reference (31)). 

It should be noted, however, that the major inorganic salts (KN0 3 , KH 2 P0 4 , 

CaCl 2 2H 2 0, MgS0 4 7H 2 0) were added to the medium to half concentrations. The 

8 9 

density of the bacterial cells to be infected was adjusted to 1 x 10 to 1 x 10 cfu/ml. 
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The co-culturing was carried out for 3 to 13 days, and a portion of the immature 
embryo was treated with X-Gluc to check the expression of the GUS gene (Hiei et aL 
1 994) (Reference (1 1)). That is, immediately after the co-culturing, the tissue was 
immersed in 0.1M phosphate buffer (pH 6.8) containing 0.1% Triton X-100, and was 
left to stand at 37°C for 1 hour. After removing Agrobacterium with phosphate 
buffer, phosphate buffer containing 1.0 mM 5-bromo-4-cMoro-3-indolyl-P-D- 
glucuronic acid (X-gluc) and 20% methanol was added. After incubating the 
resultant at 37°C for 24 hours, tissueds colored in blue were observed under 
microscope. 

(5) Selection of Transformed Cells 

After the co-culturing, the immature embryos and calli were transferred to a 
primary selection medium containing 250 mg/1 carbenicillin and 250 mg/1 cefotaxime, 
and further containing 200 mg/1 paromomycin or 10 to 30 mg/1 hygromycin, and 
cultured at 30°C under luminous condition for 1 to 2 weeks. As the primary 
selection medium, 2N6K medium described in Hiei et al. (1994) (Reference (11)) 
supplemented with D-sorbitol to 30 g/1 was used (K medium). Further, a medium 
(N medium) which was the same as the 2N6 medium (inorganic salts and vitamins of 
N6 (Chu C. C. 1978 (Reference (7))), 1 g/1 casamino acid, 2 mg/1 2,4-D) except that 
the concentration of (NH 4 ) 2 S0 4 was changed to 232 mg/1 and that the amino acids of 
AA medium (Toriyama et al., 1985 (Reference (36)) were supplemented was also 
used in the test. 

The calli formed on the primary selection medium were transferred to a 
secondary selection medium containing 250 mg/1 cefotaxime and 250 mg/1 
carbenicillin, and further containing 200 mg/1 paromomycin or 80 mg/1 hygromycin, 
and cultured at 30°C under luminous condition for 1 to 2 weeks. As the secondary 
selection medium, a medium which was the same as N6-7 medium described in Hiei 
et al. (1994) (Reference (1 1)) except that the concentration of (NH4)2SQ 4 was 
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changed to 232 mg/1 and that the amino acids of AA medium (Toriyama et al., 1 985 
(Reference (36)) were supplemented was used. To the primary and secondary 
selection media containing paromomycin, agarose was added to 8 g/1 as a solidifier. 
The rate of emerged resistant calli was investigated after the secondary selection. 
5 (6) Regeneration of Transformants 

The calli resistant to the selection drugs, obtained from the scutella of 
immature embryos were plated on N6S3 medium (Hiei et al. 1994 (Reference (11)) 
for regeneration containing 250 mg/1 carbenicillin and 250 mg/1 cefotaxime, and 
further containing 100 mg/1 paromomycin or 50 mg/1 hygromycin. 
0 (7) Checking GUS Expression in Regenerated Plants 

Leaves of the regenerated plants resistant to the drugs, obtained by culturing 
for regeneration at 25°C under luminous condition for 4 to 5 weeks were checked for 
the expression of GUS gene by treating them with X-Gluc in the same manner as 
mentioned above (Hiei et al. 1994 (Reference (1 1)). The regenerated plants were 
5 transplanted to 500-fold diluted aqueous Hyponex solution and cultivated at 25°C 

under luminous condition for about 2 weeks, followed by transplantation to pots in a 
green house. 
(8) Results 

(i) Discussion about Effects by Centrifugation Treatment 
0 Using a micro high-speed centrifuge, large high-speed centrifuge and an ultra 

high-speed centrifuge, the effect by the centrifugation treatment to the rice immature 
embryos was tested. As a result, the efficiency of gene introduction was promoted 
when the acceleration was within the range of 10KG to 100KG (Tables 1, 2, 3 and 6). 
As for the treatment time, advantageous effect was clearly observed with the 
: 5 treatment for 10 minutes (Tables 4 and 5). The frequency of the transient 
expression of GUS was not different between the varieties, that is, between 
Koshihikari and Tsukinohikari. Since not only the effect for promoting the 
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efficiency of gene introduction, but also the effect for inducing formation of callus 
was observed, it was suggested that centrifugation treatment is effective for induction 
and growth of caili and in the culturing of plants including other species. 

As shown in Table 6, induction of calli from the immature embryos of 
5 Tsukinohikari was not at all observed when the centrifugation was carried out at 

250KG for 60 minutes using the ultra high-speed centrifuge. However, induction of 
calli was observed when the centrifugation was carried out at 1 10 KG for 60 minutes, 
and expression of GUS was also observed at high rate. Similarly, as for Koshihikari, 
induction of calli from the immature embryos of Tsukinohikari was not at all 
0 observed when the centrifugation was carried out at 250KG for 60 minutes using the 
ultra high-speed centrifuge. From these results, the advantageous effect by 
centrifugation for rice immature embryo is thought to be obtained at an acceleration 
between 5 KG to 200 KG. Thus, in view of the simplicity of the treatment, when a 
micro high-speed centrifuge or a large high-speed centrifuge is used, the treatment at 
5 20KG or 40KG is thought to be appropriate. Further, as shown in Tables 9, 10 and 
1 1 , it was proved that by the centrifugation treatment at 20KG for 60 minutes, 
transformation using immature embryo may be attained not only for 
LBA4404(pSB133) having a super-binary vector known to have a high 
transformation ability, but also for LBA4404 (pIG121Hm) containing an ordinary 
: 0 binary vector. 

(ii) Discussion about Centrifugation Treatment and Duration of Co-culturing 

As shown in Tables 7 and 8, the efficiency of GUS expression observed in the 
transient assay was higher when the duration of co-culturing was 6 or 13 days than 
when the duration of co-culturing was 3 days. In another experiment, a high GUS 
5 expression was observed when the duration of co-culturing was 9 days. Various 
immature embryos which underwent different durations of co-culturing are now 
cultured on a primary selection medium (10 ppm hygromycin, 200 ppm 
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paromomycin), and there is a tendency that the rate of emerging of drug resistant calli 
is smaller in the group co-cultured for 9 or 13 days than in the group co-cultured for 3 
or 6 days. 

(iii) Examination of Efficiency of Transformation by Centrifugation Treatment 

At present, the GUS-positive transformants (Tables 4 and 5) prepared as 
described above are acclimatized, and culturing is continued. For some lines, seeds 
were collected and fertility was checked. As a result, no differences in morphology 
and fertility between the centrifuged transformants and the non-treated transformants 
(Koshihikari and Tsukinohikari) were observed. 

Hiei et al. (1994 (Reference (1 1))) reported that transformation may be 
attained with a relatively high efficiency using calli of rice. Aldemita RR et al. 
1996 (Reference (1))) reported a case of transformation using rice immature embryo. 
To more effectively and more stably carry out these transformation methods, the 
above-described centrifugation treatment method is very effective. Especially, 
although the quality of immature embryo is likely varied depending on the 
environment of culturing so that it is not easy to always obtain immature embryo 
suited for transformation, it may be possible to keep high efficiency of transformation 
by subjecting the immature embryo to the centrifugation treatment. Hiei et al. 
(1994) (Reference (11)) showed that a super-binary vector having a high 
transformation ability promotes the efficiency of transformation of rice. According 
to Aldemita RR et al. 1996 (Reference (1))), transformants were obtained only in the 
test using LBA4404(pTOK233) containing a super-binary vector. By the 
centrifugation treatment method according to the present invention, even when an 
ordinary binary vector is used, a high efficiency of transformation is attained, which 
is comparable to or even higher than that attained in the transformation using a super- 
binary vector. Further, by employing both the super-binary vector and the 
centrifugation treatment method, the efficiency may be even more promoted. Still 



,1 'ffj f* K ,J >^ ij ^ ^ „ 41 7 r? ■ O 5r? 



further, it is expected that transformants may be obtained by employing the 
centrifugation treatment method for the varieties with which a transformant has not 
hitherto been obtained. 

Table 1 Various Centrifugation Treatments and Results of GUS Expression 

5 after Co-culturing (Sample Strain: LBA4404/pSB133) 



Variety 


Population 
Density of 

Infected 
Bacterium 

(cfu/ml) 


Not 
Treated 


Centrifugal Acceleration 


760 G 


8,500 G 


19,100 G 


Koshihikari 


1X10 8 


3/10(+) 


6/1 0(+) 


7/10(++) 


7/10(+++) 


1X10 9 


2/1 0(+) 


0/1 0(-) 


4/10(++) 


7/10(+++) 


Tsukino- 
hikari 


1X10 8 


4/10(+) 


3/1 0(+) 


9/10(+++) 


7/10(+++) 


1X10 9 


1/10(+) 


6/10(++) 


2/1 0(+) 


7/10(+++) 



Time of Centrifugation Treatment: 10 minutes; Duration of Co-culturing: 3 to 5 days; 



Number of GUS-positive immature embryos/Number of sample immature embryos 
The symbols in parentheses indicate the area of the region in scutella in which GUS 
was expressed. none; +: small; ++: medium; +++: large 

.0 

Table 2 Rate of Emerging of Paromomycin-resistant Calli from Koshihikari 



Immature Embryos (Sample Strain: LBA4404/pSB133) 



Selection 
Medium 


Population 
Density of 

Infected 
Bacterium 

(cfu/ml) 


Not Treated 


Centrifuftal Acceleration 


760 G 


8,500 G 


19,100 G 


N 

medium 


IX 10" 


4.8%(1/21) 


0.0%(0/22) 


15.0%(3/20) 


31.8%(7/22) 


1X10 9 


4.3%(l/23) 


4.5%(l/22) 


16.7%(3/18) 


13.3%(2/15) 


K 

medium 


1X10 8 


0.0%(0/21) 


0.0%(0/22) 


14.3%(3/21) 


18.2%(4/22) 


1X10 9 


0.0%(0/23) 


0.0%(0/21) 


0.0%(0/19) 


0.0%(0/22) 



Number of immature embryos from which resistant calli were derived/Number of 



sample immature embryos, checked after completion of the secondary selection 
Time of Centrifugation Treatment: 10 minutes; Duration of Co-culturing: 3 to 5 days 



1 
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Table 3 Rate of Emerging of Paromomycin-resistant Calli from Tsukinohikari 

Immature Embryos (Sample Strain: LBA4404/pSB133) 



Selection 
Medium 


Population 
Density of 

Infected 
Bacterium 

(cfu/ml) 


Not Treated 


Centrifugal Acceleration 


760 G 


8,500 G 


19,100 G 


N 

medium 


1 x 1(T 


0.0%(0/l 1) 


0.0%(0/ll) 


3O.O%(3/10) 


36.4%(4/ll) 


1 x 10 v 


0.0%(0/ll) 


9.1%(1/11) 


27.3%(3/ll) 


54.5%(6/ll) 


K 

medium 


1 x 10 8 


0.0%(0/10) 


0.0%(0/15) 


9.1%(1/11) 


9.1%(1/11) 


1 x 10" 


0.0%(0/11) 


0.0%(0/ll) 


0.0%(0/ll) 


45.5%(5/ll) 



Number of immature embryos from which resistant calli were derived/Number of 
sample immature embryos, checked after completion of the secondary selection 
Time of Centrifugation Treatment: 10 rmnutes; Duration of Co-culturing: 3 to 5 days 



Table 4 Time of Centrifugation Treatment and Results of GUS Expression 



after Co-culturing 



Strains and Plasmids 


Not 
Treated 


Time of Centrifugation Treatment 


10 minutes 


30 minutes 


60 minutes 


LBA4404(pSB133) 


9/10(+) 


9/10(++) 


10/10(++) 


10/10(H~H-) 


LBA4404(pTOK233) 


9/10(+) 


10/10(++) 


10/10(++) 


10/10(+++) 



Centrifugal acceleration: 20,000G; Sample Variety: Koshihikari; 
Number of GUS-positive immature embryos/Number of sample immature embryos 
area of the region in scutella in which GUS was expressed. +: small; ++: medium; 
+++: large 
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Table 5 Time of Centrifugation Treatment and Rate of Emerging of 



Paromomycin-resistant Calli (Variety: Koshihikari) 



Selection 
Medium 


Culturing 
Condition 


Not Treated 


Time of Centrifugation Treatment 


10 minutes 


30 minutes 


60 minutes 


N 

medium 


Luminous 
(30°C) 


0.0%(0/31) 


34.3%(12/35) 


35. 0%( 14/40) 


53. 3%( 16/30) 


Dark 
(30°C) 


O.0%(0/32) 


54.1%(20/37) 


34.2%(13/38) 


58.6%(17/29) 


K 

medium 


Luminous 
(30°C) 


0.0%(0/31) 


20.0%( 7/35) 


38.5%(15/39) 


40.0%(12/30) 


Dark 
(30°C) 


0.0%(0/32) 


48.6%(17/35) 


41.0%(16/39) 


33.3%(10/30) 



Centrifugal acceleration: 20,000G; Duration of Co-culturing: 3 to 5 days, checked 



after completion of the secondary selection 

Number of immature embryos from which resistant calli were derived/Number of 
sample immature embryos 
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Table 6 Intensity of Centrifugation Treatment and GUS Expression after Co- 



culturing (variety: Tsukinohikari) 





Duration 

ofCo- 
cultunng 


Number of Immature Embryos 


Centrifugation 
Treatm en ts 


Frequency of GUS Expression in 
Scutella 






± 


+ 


++ 


Not Treated 


3 days 
6 days 


6 
0 


4 

2 


0 
6 


0 
2 


20KG !) 


3 days 
6 days 


0 
0 


0 
0 


2 
2 


8 
8 


40KG 2> 


3 days 
6 days 


1 
0 


0 
0 


1 

0 


8 

10 


110KG 3) 


3 days 
6 days 


1 
0 


0 
0 


5 
2 


4 
8 


250KG 3) 


3 days 
6 days 


10 
10 


0 

I 0 


0 
0 


0 
0 



Sample Strain: LBA4404/pIG121Hm; Time of Centrifugation Treatment: 60 minutes 
1) micro high-speed centrifuge; 2) large high-speed centrifuge; 3) ultra high-speed 
centrifuge 

Rate of GUS-expressed area in scutella: -: none; ±: <l/8; +: 1/8-1/4; ++: >l/4 
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Table 7 Centrifugation Treatment, Duration of Co-culturing and GUS 



Expression after Co-culturing (Variety: Tsukinohikari) 





F)nration 


Number of Immature Embryos 


Centrifugation 


of Co- 


Frequency of GUS Expression in Scutella 


Treatments 


cultviring 




± 


+ 


++ 




3 days 


5 


4 


1 


0 


Not Treated 


6 days 


0 


6 


2 


2 


13 days 


0 


5 


2 


3 




3 days 


0 


2 


5 


3 


20KG l) 


6 days 


0 


1 


3 


6 


13 days 


0 


1 


3 


6 




3 days 


0 


1 


7 


2 


40KG 2) 


6 days 


0 


0 


8 


2 


13 days 


0 


1 


5 


4 



Sample Strain: LBA4404/pIG121Hm; 1) micro high-speed centrifuge; 2) large high- 
speed centrifuge; Centrifugation was carried out for 60 minutes at the indicated 
revolution. 

Rate of GUS-expressed area in scutella: -: none; ±: <l/8; +: 1/8-1/4; ++: >l/4 
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Table 8 Centrifugation Treatment, Duration of Co-culturing and GUS 



Expression after Co-culturing (Variety: Koshihikari) 



Centrifugation 
Treatments 


Duration 

of Co- 
culturing 


Number of Immature Embryos 


Frequency of GUS Expression in Scutella 




± 


+ 


++ 


Not Treated 


3 days 
6 days 
13 days 


7 
3 
1 


3 
1 
6 


0 
0 
2 


0 
0 

1 


20KG 1} 


3 days 
6 days 
13 days 


0 
0 
0 


0 
0 
0 


1 

2 
1 


9 
8 
9 




3 days 


1 


0 


4 


5 


40KG 2) 


6 days 


0 


0 


0 


10 




13 days 


0 


0 


1 


9 



Sample Strain: LBA4404/pIG121Hm; 1) micro high-speed centrifuge; 2) large high- 
speed centrifuge; Centrifugation was carried out for 60 minutes at the indicated 
5 revolution. 

Rate of GUS-expressed area in scutella: -: none; ±: <l/8; +: 1/8-1/4; ++: >l/4 
Table 9 Results of Transformation by LB A4404(pBI 1 2 1 ) (Variety: 



Tsiikinohikari) 



Treatments 


Number of 
Immature 
Embryos 


Number of 
Acclimatized 
Plants 


Number of 
GUS-positive 
Plants 


Transformation 
Efficiency 


Not Treated 


50 


17 


12 


24.0(%) 


Centrifugation 
Treatment 


150 


60 


54 


36.0(%) 



L 0 Centrifugation Treatment: 20KG-60 minutes; Duration of Co-culturing: 5 days 



Table 10 Results of Transformation by LBA4404(pIG121Hm) (Variety: 



Tsukinohikari) 



Treatments 


Number of 


Number of 


Number of 


Transformation 




Immature 


Acclimatized 


GUS-positive 


Efficiency 




Embryos 


Plants 


Plants 




Not Treated 


40 


9 


3 


7.5(%) 


Centrifiigation 


47 


10 


5 


10.6(%) 


Treatment 











Centrifiigation Treatment: 20KG-60 minutes; Duration of Co-culturing: 5 days 



Table 1 1 Results of Transformation by LB A4404(pBI 121) (Variety: 



Koshihikari) 



Treatments 


Number of 
Immature 
Embryos 


Number of 
Acclimatized 
Plants 


Number of 
GUS-positive 
Plants 


Transformation 
Efficiency 


Not Treated 


49 


4 


2 


4.1(%) 


Centrifugation 
Treatment 


274 


35 


27 


9.9(%) 



Centrifugation Treatment: 20KG-60 minutes; Duration of Co-culturing: 5 days 



Table 12 Results of Transformation by LBA4404(pSB133) (Variety: 



Koshihikari) 



Treatments 


Number of 


Number of 


Number of 


Transformation 




Immature 


Acclimatized 


GUS-positive 


Efficiency 




Embryos 


Plants 


Plants 




Not Treated 


63 


0 




0.0(%) 


Centrifugation 


281 


30 


23 


8.2(%) 


Treatment 











Centrifugation Treatment: 20KG-60 minutes; Duration of Co-culturing: 3 days 



Example 2 

Immature embryos of maize with a size of about 1.2 mm (variety: A188, 
obtained from National Institute of Agrobiological Resources, The Ministry of 
Agriculture, Forestry and Fisheries) were aseptically collected and washed once with 
LS-inf liquid medium. To a centrifugal tube containing the immature embryo and 
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2.0 ml of LS-inf medium containing 100 fiM acetosyringone, a suspension of 
Agrobacterium tumefaciens LBA4404(pSB131) (Ishida et al. 1996 (Reference (18))) 
was added to a population density of about 1 x 10 9 cfu/ml, and the resulting mixture 
was centrifuged at 40,000G, at 4°C for 30 minutes. The control embryo was left to 
5 stand in the same cell suspension at room temperature for 30 minutes. After the 

treatment, the mixture was gently stirred and plated on LS-AS medium such that the 
surface of hypocotyl contacts the medium. On the other hand, infection to immature 
embryos after centrifugation treatment was carried out as follows: Embryos 
aseptically collected were washed once with LS-inf liquid medium and transferred to 
0 centrifugation tubes containing the same medium, followed by centrifugation 

treatment at 20 KG or 40 KG at 4°C for 1 hour. The control sample was left to 
stand in the liquid medium at room temperature for 1 hour. After the treatment, the 
liquid medium was removed, and a suspension of LBA4404(pSB131) with a 
population density of about 1 x 10 9 cfu/ml was added, followed by gently stirring of 
L 5 the mixture. After leaving the mixture to stand at room temperature for 5 minutes, 
the embryos were plated on LS-AS medium containing 10 uM AgN0 3 such that the 
surface of each hypocotyl contacts the medium. After co-culturing in the dark at 
25°C for 3 days, an aliquot of the immature embryos was sampled and the transient 
expression of the GUS gene was checked by the treatment with X-gluc as in Example 
10 1 . The above-described medium and method for culturing were in accordance with 
Ishida, Y. et al 1996 (Reference (18)). 

The transient expression of the GUS gene in the Al 88 immature embryos 
infected with LB A4404(pSB 1 3 1) is shown in Table 13. Although any embryo 
showed expression of the GUS gene, a number of the immature embryos subjected to 
2 5 the centrifugation treatment showed expression in larger area than the control 

immature embryos. The increase in the gene-introduced sites by the centrifugation 
treatment was observed in both cases wherein the centrifugation treatment was 
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performed together with the Agrobacterium and wherein the Agrobacterium was 
infected after the centrifugation treatment. Further, expression of the GUS gene 
was observed in larger area than in the control even if the intensity of centrifugation 
and the time of treatment were changed. 

5 By these results, the possibility that by culturing the immature embryos after 

centrifugation treatment on a selection medium, transformed plants are obtained at 
higher efficiency than the control was suggested. Further, the possibility that the 
maize varieties (Ishida et al. 1996 (Reference (18))) other than A188, which could 
not be hitherto transformed by the conventional Agrobacterium method, may be 

L 0 transformed by the centrifugation treatment, was suggested. 

Table 13 Transient Expression of GUS Gene in A 188 Immature Embryos 



Test 


Treatment 


Number of 
Sample 
Immature 
Embryos 


Expression of GUS Gene 


KG 


min 


+++ 


++ 


+ 




1 


40 
Control 


30 
30 


27 
30 


7 
1 


10 
17 


10 
12 


0 
0 


2 


40 


60 


20 


0 




3 


17 


0 




20 


60 


20 


0 




10 


10 


0 




Control 


60 


20 


0 




1 


19 


0 



Control was treated under 1G 

In Test 1, centrifugation treatment 1 was performed in the presence of Agrobacterium. 
In Test 2, Agrobacterium was infected after the centrifugation treatment. 
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CLAIMS 

1 . A method for promoting efficiency of gene introduction into plant cells by a 
bacterium belonging to genus Agrobacterium, comprising centrifuging said plant 
cells or plant tissue. 

2. The method according to claim 1, wherein said gene introduction is carried 
out after centrifuging said plant cells or plant tissue. 

3. The method according to claim 1 or 2, wherein the centrifugation is carried 
out under a centrifugal acceleration of 100G to 250,OOOG. 

4. The method according to claim 3, wherein said centrifugation is carried out 
under a centrifugal acceleration of 500G to 200,OOOG. 

5. The method according to claim 4, wherein said centrifugation is carried out 
under a centrifugal acceleration of 1000G to 150,0000. 

6. The method according to any one of claims I to 5, wherein said centrifugation 
is carried out for 1 second to 4 hours, 

7. The method according to claim 6, wherein said centrifugation is carried out 
for 5 minutes to 2 hours. 

8. A method for preparing a plant characterized by using the method according 
to claim 1 to 7. 

9. Plant cells, plant tissue or plant prepared by the method according to claim 1 
to 8. 

10. The method according to any one of claims 1 to 7, wherein said plant cells or 
plant tissue used are(is) originated from an angiosperm. 

11. A method for preparing an angiosperm characterized by using the method 
according to claim 9. 

12. Angiosperm cells, angiosperm tissue or angiosperm prepared by the method 
according to claim 10 or 1 1. 

13. The method according to claim 10, wherein said plant cells or plant tissue 
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* used are(is) originated from a monocotyledon. 

14. A method for preparing a monocotyledon characterized by using the method 
according to claim 1 1 . 

1 5. The monocotyledon cells, monocotyledon tissue or monocotyledon prepared 
* 5 by the method according to claim 1 3 or 14. 

16. The method according to claim 13, wherein said plant cells or plant tissue 
are(is) originated from a plant belonging to family Gramineae. 

1 7. A method for preparing a plant belonging to family Gramineae characterized 
by using the method according to claim 13. 

0 1 8. The cells of the plant belonging to family Gramineae, the tissue of the plant 
belonging to family Gramineae, or the plant belonging to family Gramineae prepared 
by the method according to claim 1 6 or 1 7. 

19. The method according to claim 16, wherein said plant cells or plant tissue 
are(is) of rice or maize. 
5 20. A method for preparing rice or maize characterized by using the method 
according to claim 19. 

21 . Rice cells, rice tissue, rice, maize cells, maize tissue or maize prepared by the 
method according to claim 19 or 20. 
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ABSTRACT OF THE DISCLOSURE 
A method for gene introduction by which higher efficiency for gene 
introduction than that by the conventional Agrobacterium method may be attained 
simply and without injuring the tissue is disclosed. According to the method of the 
present invention, the efficiency of gene introduction into plant cells by a bacterium 
belonging to genus Agrobacterium is promoted by accompanying centrifiigation of 
the plant ceils or plant tissue. 
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